Abstract: Background: High sedentary time has been considered an important chronic disease risk factor but there is only limited information on the association of specific sedentary behaviors on weekdays and weekend-days with body composition. The present study examines the prospective association of total sedentary time and specific sedentary behaviors during weekdays and the weekend with body composition in young adults. Methods: A total of 332 adults (50% male; 27.7 ± 3.7 years) were followed over a period of 1 year. Time spent sedentary, excluding sleep (SED), and in physical activity (PA) during weekdays and weekend-days was objectively assessed every 3 months with a multisensor device over a period of at least 8 days. In addition, participants reported sitting time, TV time and non-work related time spent at the computer separately for weekdays and the weekend. Fat mass and fat free mass were assessed via dual x-ray absorptiometry and used to calculate percent body fat (%BF). Energy intake was estimated based on TDEE and change in body composition. Results: Cross-sectional analyses showed a significant correlation between SED and body composition (0.18 ≤ r ≤ 0.34). Associations between body weight and specific sedentary behaviors were less pronounced and significant during weekdays only (r ≤ 0.16). Nevertheless, decrease in SED during weekends, rather than during weekdays, was significantly associated with subsequent decrease in %BF (β = 0.06, p <0.01). After adjusting for PA and energy intake, results for SED were no longer significant. Only the association between change in sitting time during weekends and subsequent %BF was independent from change in PA or energy intake (β %BF = 0.04, p = 0.01), while there was no significant association between TV or computer time and subsequent body composition. Conclusions: The stronger 376
Introduction
Excess sedentary time has been associated with various adverse health outcomes including cardiovascular disease, diabetes, metabolic syndrome, certain types of cancer and mortality [1] [2] [3] [4] . Sedentary behaviors are defined as activities performed while seated or lying down with an energy expenditure of less than 1.5 METs (metabolic equivalent) during waking hours [5] . Given the changes in modes of transportation, communications, workplace and domestic physical activity demands due to economic advances and industrial innovations, a reduction in time spent sedentary has become a key area for public health separately from the promotion of physical activity [1, [6] [7] [8] . Sedentary behaviors have also been shown to have distinctly different physiological effects from PA [9] . Accordingly, sedentary behavior should be no longer considered simply as the absence of moderate-to-vigorous physical activity (MVPA) but rather as a specific set of behaviors, characterized by low energy requirements and unique health consequences [10] .
High sedentary time has also been associated with excess body weight but there remains controversy on the directionality of this association [11] . Results from the Nurses' Health Study indicate that high sedentary time, particularly watching TV, is associated with a higher risk for excess weight gain [12] . Other studies, however, indicate that increased body weight is a precursor rather than a consequence of high sedentary time in adults [13, 14] . The lack of conclusive evidence may, in part, be due to variability in the assessment of sedentary time. Most studies relied on self-reported behaviors, such as TV time, as a proxy measure for total daily sedentary time [15] . Such measures, however, only capture leisure time sedentary behavior. Even though TV time is a prominent sedentary behavior there is limited information on the association between TV time and objectively determined total sedentary time, particularly during working days. Further, a change in media consumption due to the availability of mobile devices such as smart phones and tablets may contribute to a greater variability in screen time that may not be captured by focusing only on TV time. More research, therefore, is needed to enhance our understanding of the contribution of specific sedentary behaviors on various health outcomes, including obesity [8] . In addition, there is a need to examine whether patterns of sedentary behaviors affect body composition differently. Specifically, differences in behavioral choices during weekdays and weekend-days may affect body composition differently as weight gain has been shown to be more pronounced during the weekend compared to weekdays [16] . The purpose of the present study was to examine the prospective association between objectively measured sedentary time as well as selfreported sedentary behaviors during weekdays and the weekend and body composition.
Materials and Methods
The present study uses baseline through one-year follow-up data from a prospective, observational study, which has been described in detail elsewhere [17] . A total of 430 healthy young adults (49% male) between 20 and 35 years of age were recruited via e-mail listservs, website postings, posters and flyers in an urban area in South Carolina between July 2011 and February 2013. The study was designed to examine the interaction of physical activity, dietary behavior and body composition in young adults as this population is at particular risk for weight gain [18, 19] . Power analyses revealed that at least 300 participants are needed to detect an average weight gain of 1 kg/year with an effect size of 0.2. Inclusion criteria consisted of a BMI between 19 and 35 kg/m 2 , no major chronic or acute health conditions and no major changes in health behaviors in the three months prior to entering the study. Pregnant women, women who were planning on getting pregnant and those planning to change their use of contraceptive medications in the following 2 years were also excluded. The study protocol was approved by the University of South Carolina Institutional Review Board and all participants signed an informed consent prior to data collection.
Anthropometric measurements were obtained every three months by trained and certified research staff. Body weight (kg) and height (cm) were measured with participants in surgical scrubs and bare feet to the nearest 0.1 kg and 0.1 cm, respectively. Body mass index (BMI, kg/m 2 ) was calculated using the average of 3 measures obtained at each measurement visit. Baseline measures were used to classify participants as normal weight (BMI < 25 kg/m 2 ) or overweight/obese (BMI ≥ 25 kg/m 2 ) Total fat mass (FM) and fat free mass (FFM) were assessed via dual X-ray absorptiometry (DXA, Lunar DPX ® system, version 3.6; Lunar Radiation Corp, Madison, WI) and percent body fat (BF) was calculated (FM/body weight). Due to the limitations of diet reports [20] , energy intake (EI) was calculated based on change in FM and FFM and average total daily energy expenditure (TDEE) for each respective 3-month period [21, 22] . TDEE, time spent sedentary and in moderate-to-vigorous physical activity (MVPA) were determined using the SenseWear Mini Armband (Body Media, Pittsburgh, PA). The armband is worn on the upper arm and combines measurements of near body temperature, skin temperature, heat flux, galvanic skin response, and accelerometry. Several studies have examined the validity of the armband in various populations and previous research indicated accurate estimates of energy expenditure, physical activity (PA) and sleep in free-living adults [23] [24] [25] [26] . Participants were asked to wear the armband for 24 hours/day and only remove it during periods when it might get wet (e.g., taking a shower or swimming). Participants were given the armband for a period of up to 14 days every 3 months. Compliance was set at 7 days of wear-time, including Saturday and Sunday, with a minimum of 18 hours of wear-time per day. Data for Saturday and Sunday was averaged to reflect weekend PA and the average from Monday through Friday was used to reflect weekday PA. SenseWear's propriatory algorithm (version 7.0 professional) estimates energy expenditure minute-by-minute and subsequently determines TDEE as well as time spent sedentary, excluding sleep (sedentary < 1.5 METs), time spent in light PA (1.5 METs ≤ LPA < 3 METs), and time spent in MVPA (MVPA ≥ 6 METs).
During periods of non-wear time participants reported their activities. Using individual resting metabolic rate (RMR), energy expenditure during non-weartime was estimated based on the Compendium of PA [27] . RMR was measured via indirect calorimetry (True One 2400, Parvo Medics, Sandy, UT) after a 12-hour overnight fast and 24 hour abstention from exercise in a dimly lit room for 45 minutes. RMR was determined as the average of 10 consecutive minutes with the lowest coefficient of variation.
Information on specific sedentary behaviors was obtained via self-report. Specifically, participants were asked about time spent sitting, watching TV and non-work related computer use during a typical weekday and weekend-day. Average time spent in various sedentary behaviors for the entire week was calculated using a 5:2 ratio for weekdays and weekend-days.
Statistical Analysis. In order to be included in the analysis, valid data needed to be available for at least 3 measurement time points, including baseline and 12-month follow-up. Upon confirmation of normal distribution of the data differences between compliant and non-compliant participants were examined via ANOVA and Chi-square tests for categorical variables. Differences between weekdays and weekend were examined via paired-sample t-tests. Correlation analyses were used to examine the cross-sectional association between objectively determined sedentary time, self-reported sedentary behavior and body composition. The strength of the association was defined as weak (0.1 > r > 0.3), moderate (0.3 ≥ r ≥ 0.5) or strong (r > 0.5) for positive and negative trends [28] . Changes in body composition, sedentary time and specific sedentary behaviors were determined via linear mixed modeling. Subsequently, the association between change in sedentary behavior and body composition at 1-year follow-up was examined via linear regression analysis, adjusting for age, baseline sedentary time and baseline body composition; a second model also included time spent in MVPA and calculated EI. Analyses were carried out for the total sample and separately for normal weight and overweight/obese participants due to potential differences in the association between sedentary behavior and body composition by weight category [29] . All analyses were conducted using IBM SPSS Statistics for Windows (version 22.0; IBM Corp., Armonk, NY).
Results
A total of 332 adults (49.7% male) provided valid data throughout the 1-year observation period. Two thirds (66.6%) of the sample were white/Caucasian with a majority (86%) having a college degree. Baseline descriptive characteristics did not differ between compliant and non-compliant participants, except for a higher prevalence of college graduates in compliant compared to non-compliant participants (86.4% vs. 74.5%, p = 0.01). Average armband wear-time for compliant participants was 23.1 ± 0.6 hours/day for a total of 50.2 ± 3.3 days over the one-year observation period. Table 1 shows baseline measures for all compliant participants and separately for normal weight and overweight/obese participants. There were no significant differences in sex distribution, education or ethnicity between weight categories. Further, men and women did not differ in time spent sedentary or specific sedentary behaviors even though men displayed more time spent in MVPA. In addition to the expected differences in body composition, normal weight participants were younger than overweight/obese (p = 0.01). Participants spent 66.2 ± 8.5% of their waking hours in sedentary pursuits. Normal weight participants displayed lower sedentary time and more time in MVPA (p < 0.01). Sedentary time during waking hours was lower during the weekend compared to weekdays (p < 0.01) due to longer sleep duration; there was no difference in light PA and MVPA between weekdays and the weekend. Self-reported time spent at specific sedentary behaviors did not differ between normal weight and overweight obese participants.
Sitting time and time spent at the computer was significantly higher on weekdays compared to weekends (p ≤ 0.01). TV time, on the other hand, was significantly higher on weekends compared to weekdays (p < 0.01).
Correlations between total sedentary time and time spent at specific sedentary behaviors were generally weak. Objectively determined sedentary time was significantly correlated with sitting time during weekdays and weekends. The correlation between objectively measured sedentary time and TV time as well as time spent at the computer, however, was only significant during weekends (Table 2) . Correlations between time spent in specific sedentary behaviors and time spent in MVPA were weak as well, even though total sedentary time was inversely correlated with time spent in MVPA (r < -0.6). The correlations between weekday and weekend behaviors were strong for objective measurements, moderate for sitting time but only weak for computer time and TV time ( Table 3) . Correlations for change in weekend and weekday behaviors throughout the 12-month observation period were generally weak, except for change in MVPA (r = 0.4) and change in sitting time (r = 0.3). Accordingly, change in objectively determined sedentary time was not significantly correlated with change in specific sedentary behaviors.
Cross-sectional analyses between body composition and sedentary time showed a low to moderate association between body composition and total sedentary time, particularly in overweight/obese ( Table 4) . The correlation was stronger during weekdays compared to weekend sedentary time. Associations with specific behaviors were less pronounced and only significant in normal weight participants. Specifically, sitting time and TV time during weekdays were directly correlated with %BF while weekend computer time was directly correlated with BMI.
Over the 1-year observation period, participants experienced a weight gain of 1.0 ± 3.4 kg, which was associated with an increase of 0.7 ± 2.5 %BF. Weight change did not differ between normal weight and overweight groups, but change in %BF was more pronounced in those who were normal weight at baseline. Change in objectively determined sedentary time and specific sedentary behavior did not differ between normal weight and overweight/obese participants.
Regression analyses did not show a significant prospective association between change in sedentary time and body weight at 12-month follow-up after adjusting for baseline body weight (Table 5) . Baseline sedentary time, however, was associated with body composition at 1-year follow-up, particularly in overweight/obese. Further, an increase in sedentary time during the weekend was associated with higher %BF at follow-up. This result, however, was no longer significant after adjusting for change in MVPA and energy intake. There was no significant association between change in specific sedentary behaviors and subsequent body composition, except for the association between change in sitting time during weekends and %BF in overweight/obese (β = 0.04; p = 0.01). This association remained after additionally adjusting for MVPA and EI.
There was also an association between change in body weight and total sedentary time at 1-year follow-up in overweight/obese participants (β = 0.13; p = 0.04). No significant associations were observed between change in body composition and specific self-reported sedentary behaviors at 1-year follow-up. Analyzing men and women separately revealed similar results as those shown for the total sample. 
Discussion
The inverse cross-sectional association between body composition and sedentary behaviors has been shown previously [30, 31] . Results of the present study generally confirm previous findings but the strength of the associations were moderate at best with more pronounced results in overweight/obese compared to normal weight adults. Further, associations between body composition and self-reported specific behaviors (i.e. TV and computer time) were less pronounced than the association with total sedentary time. Thus, health promotion efforts should emphasize a reduction in total sedentary time, rather than specific sedentary behaviors. The main focus of the present study, however, was on the prospective association between sedentary behaviors and body composition and potential differences in the contribution of weekday and weekend behaviors. Similar to the cross-sectional results, associations between change in specific sedentary behaviors and subsequent body composition were limited. A review on the prospective association between sedentary behaviors and various health outcomes also concluded that evidence on a longitudinal relationship between sedentary behavior and body weight is limited [15] . In the present study, only sitting time during weekends was associated with subsequent body composition independent of PA. These results could provide viable information for intervention strategies as they highlight the importance of leisure time behavior in weight management. Of additional interest is that change in body weight was associated with higher subsequent sedentary time, which is consistent with previous research [13, 14, 32] . Taken together, there appears to be a bi-directional association between body composition and sedentary behavior in which weight gain and sedentary behavior are mutually reinforcing [15] . A bi-directional association could also help with explaining differences in the association between weekday and weekend sedentary time with body composition. A higher body weight potentially induces a higher amount of sedentary time during weekdays when opportunities for light PA and MVPA are generally limited. The influence on occupational demands on total sedentary time is further indicated by the limited association between total sedentary time and specific behavioral choices (i.e. TV and computer time) during weekdays. The greater freedom for conscious choices during weekends, on the other hand, provides more options for a reduction in sedentary time by engaging in various forms of recreational activities of light intensity or structured MVPA in a potentially conscious effort to control body weight. The fact that people tend to engage in more active behaviors during the morning hours [33, 34] also suggests that weekends provide valuable options for interventions targeting a reduction of sedentary time as there will be less interference with occupational demands during these times. The higher caloric intake, generally observed during weekends further emphasizes the need for behavioral adaptations, such as an increase in PA, during weekends in order to avoid weight gain [16, [35] [36] [37] . Nevertheless, higher sedentary time during working hours has been associated with higher sedentary time on nonworkdays [6, 38, 39] and there appears to be no difference in sedentary time between workdays and nonworkdays [40] . Thus, intervention strategies addressing a reduction in sedentary time should target occupational and leisure time behaviors. Results of the present study further emphasize the importance of MVPA in weight management. Despite the fact that high sedentary time has been associated with increased risk for cardiovascular disease, type 2 diabetes and all-cause mortality independent of MVPA [41] [42] [43] , weight loss may require efforts that go beyond a reduction of sedentary time, most likely including alterations in diet and PA.
Of additional interest is the weak association between specific self-reported sedentary behaviors and body composition, which emphasizes the need for a comprehensive assessment of overall sedentariness when examining the health risks associated with excess sedentary time. Even though TV time has been commonly used as indicator for sedentary behavior, this behavior appears to contribute only a small proportion to total sedentary time, particularly in light of the high amount of occupational sedentary time [15] . Further, modern technology that provides access to online media via multiple outlets may contribute to shifts in sedentary behaviors, especially in young adults, that may not be captured by inquiries on single sedentary choices. Communicating on the phone, for example, has become one of the most commonly reported sedentary behaviors due to 24-hour access to mobile devices [44] . The simultaneous engagement in multiple sedentary behaviors may further contribute to the difficulty in accurately determining sedentary time based on specific behaviors. People may be talking on the phone while surfing the internet or performing other tasks such as posting messages on social media at the same time. In addition, there is the potential for bias with self-reported behaviors, which affects measurement accuracy and could have contributed to the limited significant findings between specific self-reported sedentary behaviors and body composition. There are, however, also some limitations with currently available objective measures of sedentary time due to the limited information on the content of specific behaviors. Given that TV viewing, for example, has been associated with a higher caloric intake [45] , specific information on behavioral content may still be valuable in examining the role of sedentary behaviors in weight management. Further, most objective measurements base their classification of sedentary time predominantly on movement rather than body position. Thus, standing still may be classified as sedentary behavior even though sedentary behavior has been defined as activities performed in a seated or lying position [5] .
Besides the concerns regarding measurement accuracy with either method additional limitations should be considered as well when interpreting the findings of this study. The present study did not provide information on the duration or number of bouts of sedentary pursuits. Interruptions of prolonged sedentary bouts, however, have been shown to affect various health outcomes, independent of total sedentary time [46] . Further, Saturday and Sunday was assumed to reflect non-work days for the entire sample. Given that the majority of participants were associated with a university, this is a plausible assumption but it may not reflect the actual work pattern of each individual participant. Nevertheless, Rowlands et al. argue that even in the absence of a full time job with a periodic work rhythm, people adjust their behavior to activities of others along with opening hours of various businesses, resulting in specific daily activity patterns that resembles a weekly pattern observed with employment [47] . It should also be considered that even though sedentary time was comparable to the US adult population, PA levels were higher in the study population [48] , which may mitigate some of the detrimental effects of high sedentary time. The availability of repeated measurements throughout the observation period along with high compliance with the objective PA assessment, on the other hand, is a considerable strength of this study. Further, the inclusion of estimated energy intake and MVPA in the analyses provides additional information on the complex interaction of key contributors to weight management.
Overall, results of the present study emphasize the need for a comprehensive approach in weight management, including PA and diet. Even though the rise in occupational sedentary time has been of particular concern in modern society [6, 49] , leisure time behavior appears to remain a crucial component in weight management. In fact occupational sedentary time has been shown to contribute less to total sedentary time than behavioral choices at home, particularly in young adults [44] . Despite the fact that the workplace has been identified as a target setting for health promotion [50] , interventions targeting weight loss need to consider the importance of leisure time behavior in weight management. Accordingly, McCarthy argues for an increased awareness of the long-term consequences of short-lived weekend lifestyle choices and emphasizes the promotion of healthy behavioral choices during the weekend when people are generally facing a less structured daily routine [35] . The potential bidirectional association between body composition and sedentary time also highlights the need for preventive measures that help with limiting weight gain rather than focusing on weight loss in order to avoid a vicious cycle of excess weight and high sedentary time. A preventive approach, addressing behavior at work and during leisure time, also requires less severe behavioral changes and thus may allow for a better adherence to various intervention strategies.
